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NAVIRADEVCEN &7-C-0095-1
ABSTRACT

The swmcke fuels described in this report serve, in
conjunction with the X3Hl4 smoke generator, to accomplish
smoke clouds which are sensitive to ultra-violet light (UV)
excitation; thet is, the smoke cloud 18 luminescent when
expcsed to QK BLB 40 W and OF RL 40 W ultra-violet ray gen-
erating bulbs. The smoke clouds, visible under UV lamps,
are luminescent for a few seconds and then dissipate rapidly
arnd cleanly, leaving no flucrescent residue. The smoxe
fuele are stable at{ room temperatures and generste lumines-
cent clouds which are nan-toxic under normal conditions.

It wap demonatrated in this program that neither the
X3H1l4 nor the operating procedures, used with the non-luein-
escent fuels, need be changed to use the luminescent fuels,

Tris report covere the litsrature study of luminzscence;
the experimental studies with the generator; candidate fuele
and the pertaining variables which affect the rezulting emoke
clouds; and a brief atability study of the 1liguld saoke fuel.
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POREWORD

Device X3H14, designed to simulate explosions, was
developed under a sponsored program to satisfy requirements
originating with the U,S, Navy Amphibious School, Little
- Creek, Virginia. Designed for use in the Amphibious Train-
ing Demonstrator, Device 16-F-1, the X3H14 prompted the
formulation of a smoke fuel, for use in conjunction with the
generator, to produce a smoke cloud which 1s easily generated,
non-~-toxic and reliable. 7The device and smoke fuel were

demons“rated in November of 1954 and they were subsequently
accepted,

In an effort to expand the smoke-generating phenomenon i
and more fully utilize the 16-F-1, a secondary program was ;
initiated. This program was designed to study the feasibility
of formulating a fuel capable of producing smoke aensitive
to UV. Moonlight nighttime conditions could then be simulated
by using UV sources to illuminate the smoke cloud, Results
reported in April 1966 indicate a definite potential for form-
ulation of such a fuel, Several suggestions, based on tech-
niques in the proposal, arose from this astudy. These sugges-
tions prompted another study, the results of which are the
basis for this report.
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SECTION I
PROBLEM DEFINITION

INTRODUCTION

An extensive research program, conducted by Miascuri
Research Laboratories, resulted in the smoke fuel presently
used in the smoke generating device, X3Hi14. This formula-
tion consists of 80 parts kerosene, 20 parts methyl sal-
icylate and 1 part glycerin. Utilized in the X3H1l4, this
formulation accomplishes a generous white cloud. The cloud
dissipates rapidly, is non-toxic and relatively odorleas,
The combination of thils fuel and the smoke generator results
in an economical, eflfective and reliable smoke cloud source,

The purpose of this report is to describe tae methods,
test results and conclusions that comprice the effort of ex-
panding the potential of the smoke generating device into
the realm of fluorescent response. This report covers re-
search over a period approximating five months, in search of
a fuel to meet the sponsor's requireaents,

REQUIREMENTS

The reqQuirement of this task 1s the developmeut and
evaluation of a fuel (or fuels) compatible with and capable
of being used in the basic X3H14 smoke generatcr, to effect a
luminous cloud upon exposure to UV excitation. Another part
of the requirement 1s that the fuel be stable in 1its liquid
form and, when used to generate smoke, produce a cloud which
is compatible with the NTDC training complex; that 1s, it
must be sensitive to the existing ultra-violet light sources,
non-toxic in its vapor form, completely quenched of luminescent
response upcn dissipation of the cloud and capable of being
used in the existing smoke generator with little or no change
in the design.

SUMMARY

In order to satisfy the requirements generated in thia
task, several areas of investigation were included in this
program, To determine sources of fluorescent response and to
ascertain the sgtate of the art, literature was to be surveyed.
The next step involved a study of the smoke generating device
to determine the potential and the limitations of the smoke
generating mechanism, When the most promising candidates for
fluorescence had been procured, they were to be tested in the

= == — - s ENEY S - i RSP EREE e




NAVTRADEVCEN 67-C-0095-1

apparatus varying the sclvent and the concentration. This
physical testing was expected to prompt further work, using
related compounda, Materials for these compounds would be
prooured and tested and when the most promising formulations
were ascertained, the stability of the fuel and the character-
istics of the smoke cloud were to be determined., The form-
ulations were then to be evaluated in terms of the require-
ments, This was the suggested program.
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SECTION II
INVESTIGATION PROCEDURES

LITERATURE RESEARCH

Initial survey of texts in public and university 11-
braries indicated no existence of publications dealing with
the generation of fluoreacent smoke, For this reason, the
requirement was separated into phases of the phenomenon and
the search was continued into the categories of smoke,
aerosols, pyrotechnics, fluorescence, phosphorescence, lumin-
escent ultra-violet light phenomenon, light phenomenon and
colored light theory.

The literature was researched for mechanisms of asmoke
generation and for fuel systema capable of producing smoke
clouds. The field of forms of luminescence was surveyed in
detail for gases, or aerosols of liquids or solids, waich
are fluorescent, and for mechanisms of fluorescent generation
in gases or aerosols, Attempts to further divide the phenom-
enon in terms of the physics of 1light and color moved into
fields too abstract and removed to constitute a quick and
efficient method back to the total of the fluorescent phenom-
enon.,

It was found that the fleld of smoke generation has re-
cently found impetus from the direction of air pollution
control. Kowever, the emphasis 1s on elimination rather than
generation. Pyrotechnics offer formulations for smoke gen-
eration, but the references appear to have remained relatively
unchanged for years., The fleld of lumineacence shows more
activity due to a sudden interest in medicine and chemical
analysis in the field of fluorometry. FPluorescence is also a
useful tool in quality control and the arts,

TESTING APPARATUS

The testing was conducted in a dark room. A fluorescent
light fixture was fitted with GE black light bulbs and hung
about seven feet above the smoke generating apparatus. Smoke
clouds were checked with GE BL and GE BLB dbulbs, which are
capable of generating UV. Smoke clouds were also checked by
exposing them to standard fluorescent lighting.

The smoke generator was set up with a variable air pressure
of eight to twelve pounds per square inch gauge generated in a
filtered air line., The air line was connected to the aspirator
on the smoke generator,

e
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In the experimental assembly, the solenoid controll-
ing the fuel feed and the control determining the tempera-
ture of the heating colls were powered separately. The
solenoid control was activated directly by plugging into
a 3tandard outlet (110 V., 60 cycle A.C.l. The feed to the
colls was controlled by a rheostat to allow some variation
in the coil temperature.

The smoke generator design, showing all major compo-
nento, ia illustrated in figure 1, The details of the stan-
dard circuit control and pneumatic line attachment are shown
in figure 2.

The smoke generating mechanism is described in the
following. In the amoke generator, the fuel is atomized into
& heating chamber, Here it 1is converted into gases which
are expelled through the chimney, located above the heating
chamber. The impelling force behind the aerosolizing of the
fuel 18 a driving air pressure of eight to twelve PSIG. The
heating coils, maintained (in standard operation) at about
HOO'F. and in contact with the aerosolized fuel, generates
a gaseous cloud which is diascharged through the chimney. The
cooler air above the chimney regsnerates some liquid and
solid particles (condensation) which form the cloud to be
tested.

TESTING PROCEDURES

The physical testing of the fuel candidates begins with
a study of the solution characteristics of the candidate
chemicals. The behavior of the chemical in several solvents,
in terms of the concentration at saturation and the effect of
solvent upon the fluorescence of the solution, wis investi-
gated, The purpose of this investigation was to determine
several possidble solvents for the candidate to allow for
possidble interference of the solvent with the flucrescent
response of the cloud. The effect of the sclvent in terms of
quenching fluorescence, obscuring or diluting the flucrescent
response {by forming too much non-fluorescent smoke) or
heightening the fluoresacent response was inveatigated after
different solvent systems had been determined. The effects
of concentration of fluorescent chemical in the fuel was also
included because the texts indicate that a concentration too
high can quench a material's fluorescent response as readily
as one too low can elicit a weak response.

The purity of chemicals and solvents is paramount in this
study because fluorescence can easlly be quenched or elicited
by an impurity in a fluorescent material. The danger of
quenching flucrescence with impurities is obvious, However,
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eliciting a good fluorescent response due to an unknown
impurity would require a very intensive study Jjust to de-
termine the repeatability of an effective fuei., Without
knowing the source of the activity, the success of future
formulations would depend on chance. PFor this reason, pro-
cedures were conducted gso as to mzintain known conditions
of formulation and to avoid introducing unknown factors or
materials.

During generation of the cloud, the air pressure to
the atomizer and the voltage to the coils were varied in
an attempt to create better conditions for the generation
of a fluorescent cloud. Variation of the air pressurs was
conducted to accomplish the right concentration of fuel to
obtain the maximuxr . ‘oud generation. The voltage to the
heating coils wae varied to prctect heat sensitive compounds
from being destroyed, when only sudlimation or warming of
aerosolized particles was desirable.

Testing was conducted with exposure to standard fluor-
eacent lighting, ultra-violet light (with a high concentra-
tion of visible light) and with filtered black light (prim-
arily UV rays). To accomplish this, a standard fixture was
fitted with GE BL 40 W bulbs in addition to the standard
fluorescent lighting.

Wwhen the most promising candidates were formulated, they
were maintained in surveillance to determine the stability of
the fuel; they were checked with respect to fluorescent re-
sponse periodically and the results compared to freshly pre-
pared formulations,

In addition to checking the behavior of the formulation
in storage, the behavior of the fuel in the smoke generator
was checked for inatability of the fuel or damage to the
generator. Within the generator, the fuel 1s in contact with
glass in the reservoir and the heating column; with poly-
ethylene in the dip tube; and with various metals throughout
the operation, such as, atainless steel, brasgé and nichrome.

EVALUATION CRITERIA

During evaluation of the generated cloud, several char-
acteristics were investigated in light of the requirement,
The density of the cloud, in teras of fluorescent responae
and the opacity of the cloud, was evaluated. The odor and
the toxicity of the cloud were checked along with any ten-
dency to a fluorescent residue on the area surrounding the
site of generation. The duration of the response and the
extent of cloud dissipation are among the considerations made
in terms of the Quality of the response,
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| In addition to the evaluation of the response, the

] fuel was tested for stability in regard to light and heat,
| to evaporation, and to any reactions between solvent and

g the active ingredients. The fuel was also tested for con-
‘ tinued fluorescence, over a period of two months, by expos-
! ing it to the light and temperatures of room conditions.
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SECTION III
DATA ACCUMULATION
SMOKE GWENERATION (LITERATURE RESEARCH)

Several mechanisms for smoke generation were described
in ¢he literature. These break down to two basic approaches,
The first approach involves incomplete combustion of oil
resulting in dense black smoke. The second approach is
more mechanical and comprises various methods, Two such
nethods consist of injecting warmed atomized oll into a c¢cool
atmosphere which results in @ fog or cloud of oil droplets,
and injecting aerosolized chemicals into the air which can
react with the humidity in the air to form fog. Most of the
methods described were for large scale generation of smoke
in an open area, however, and are dependent on diffuaion for
warding off such problems as cdor and toxicity. The litera-
ture did suggest atomization as a means of producing smoke on
s small scale in a laboratory.

LUMINESCENCE TECHNIQUES (LITERATURE RESEARCH)

There are several methods for eliciting a luminescent
response, Luminescence 18 defined as the light resulting
from a return of a compound from an excited state to its
normal energy state; however, the light emission has a higher
energy release than would occur from temperature radiation
alone, Light emission which occurs only during excitation 1is
termed fluorescence; that which lingers after excitation 1is
termed phosphorescence, The forms of luminesacence which
appeared possibly useful in the desired mechanism included
lumineacence based on several different sources. These sources
include gentle heating resulting in thermoluminescence, chemil-
cal reaction with energy release resulting in chemiluminescence
and UV excitation resulting in photoluminescence,.

It was determined from the litersture that the problem of
eliciting a quality response 18 complex. There are a number
of factora that affect the response: impurities will likewise
quench or enhance a fluorescent reaponse; heat may cause
thermoluminescence or may quench fluorescence; if concentra-
tion is low the response may be too weak, if high it may
quench 1ta own response; and the solvent may alter the responss,
This is an indicaticn of the variables involved in eliciting
the most effective response,

PYROTECHNICS (LITERATURE RESEARCH)
The fleld of pyrotechnics was investigated as a aource

of smoke generation and, in particular, coclored smoke, The
texts which were studied indicate that, over the yeargthere
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has been relatively little change in fuel formulations foi
display or signal smoke generation. It was hoped that some
of the heat-insensitive dyes used in production of colored
smokes might also be sensitive to UV excitation. A number
of chemicals were purchased and tested in the original smoke
fuel formulation with negative results in terms of fluores-
cent r;Oponoe elicited. The candidate chemicals are listed
in tabdle 1.

TABLE 1. FYROTECHNIC DYES POR COLORED SMOXE DISPLAYS

*3SMOKE CHEMICAL SOLUTION SMOKE
COLOR FLUCR . FLUOR.

yellow | auraamine-0 none none
Pisher Scientific A968

yellow |auraminehydrochloride non;M' none
Pisher Scientific 1247-T

yellow N,})~dimethyl-p-naphthylazo- none none
aniline

Pisher Scientific 2535

regd I1-ucthylaminoanthraqu1none none none
lFiaher Scientific 5680-P

1
orange a-aminocanthraquinone none none
 Flsher Scientific 1387-P
& auramine-Q

orange l-amino-8-chloranthraquinone none none
K & K Laboratories 3416
& auraamine-~0

green 1,4-di-p-toluidincanthra- none none
Quinone
K & K Laboratories 4601

violet 1,4-diamincanthraquinone none none
K & K Laboratories 12648

These dyes were tested, dissolved to their saturation
point in the original smocke formulation based on kerosene,
glycerin and methyl salicylate. The dyes were onlyelightly
soluble.

* This is the suggested colornéf'éhoizvﬁaving this dye or
set of dyes in the formulation,
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FLUORESCENT CHEMICALS

After an unsuccessful attempt to use heat-insensitive
dyes, the investigation was turned to a study of fluores-
cent materials, The texts that were atudied emphasized fluor-
escent solutions lacking reference to useable fluorescent
gases. This being the case, the data had to be extrapolated
to cover the aerogolized or gaseous forms of the fluorescent
solutions. Those materials with the most colorful solution
responses were further investigated for stability when ex-
posed to heat. Based on this study, several compounds were
chosen for trial formulations,

Of the materials tested, the most promising candidate
gsppeared to be crude anthracene. Even when checked against
refined anthracene, the crude gave a better reaponse., Based
on this data, the response was credited to the presence of
some 1lmpurity. From the literature, it was noted that the
separation of anthracene from tetracene (naphthacene) during
synthesis of this compound is described as difficult., PFurther
testing with tetracene indicated that the best response was
achieved with a combination of tetracene and anthracene,

At this point, the study was divided into the investi-
gation of the effects various solvent systems have on the
quality of the response (which will be repor+ed later); and
into an investigation of compounds similar in structure to
anthracene and tetracene, Table 2 1ists the chemicals and
related solvents which were tested. The fluorescent results
of the tests also appear in this table. The compounds, listed
on table 2, which follow the comblnation of tetracene and
anthracene were chosen because of their similarity in structure
to this combination; they consist primarily of chains made
up of adjacent benzene rings. The response of these materials
was further heightened by the use of mineral spirits as the
solvent in lieu of the three shown on table 2,

It appears that the fluorescent response was due to the
solventa, xylene and dibromomethane when they were used. It
was further noted that in studies using xylene and kerosene
the nonfluorescent smoke generated tends to mask the fluor-
escent response,.

SOLVENT VARIATIONS

Because the solvent can affect the Quality of the fluor-
escent response, the fluorescent chemicals were tested in
several solvents. These include ethanol, methanol, kerosene,
mineral spirits, dlbromomethane, methylene cnloride and xylene,

11
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Solventes such as ethanol and methanol would not dissolve
sufficient quantities of the candidate chemicals to warrant
much use in this atudy. As it was, the most promising
materials were generally of limited solubility in any of

the solvents tested., The most efficient solvents were used
in the study prior to determination of the most promising
chemicals. This is noted on table 2, Table 3 represents

the solvent study conducted with the most promising chemicals,

CONCENTRATION VARIATIONS

The literature indicated that the fluorescent response
is dependent upon the concentration of chemical in the solvent.
A concentration too high will qQuench fluorescence as readily
a8 too low a concentration, Variations of the concentration
of the candidate chemicals in various solvents are described
in table 3. Because of the limited sclubility of most of the
chemicals, saturated solutions were used in the initial search
for a fluorescent reaponse of any intensity. Due to the
danger of clogging the aspirator, however, saturated solutions,
having the probability of precipitation, were avolded,

The best responses were elicited with the combinations:
4% fluoranthene in mineral spirits; and 1% anthracene and O.04%
tetracene in xylene, The first combination elicits a smoke
cloud which fluoreaces white when exposed to UV, The second
combination accomplishes a dull purple cloud which fluoresces
an intense green Jjust seconds after the cloud is formed.

APPARATUS STUDY

variation of the aspirating pressure falled to accomplish
any noticeable variation in the quality of the fluorescent
response, Likewise, varliation of the temperature of the heat-
ing coils offered no advantage. Since it 1s deasireadble that
the operation of the apparatus be changed as little as possible,
it is fortunate that testing indicated no real need for any
variations.

When exposed to normal fluoreacent lighting, the fluor-
anthene fuel in mineral spirits realizes a smoke cloud com-
parable to the original formulation for simulated explosion
in daylight. Under the BL 40 W lamps which admit a mixture
of ultra-violet and visible light, the fuel accomplishes a

ood cloud but 1ts fluorescence 18 diminished, Under the BLB

O ¥ bulbs, the cloud fluoresces in white light response. The
second forwulation (see CONCENTRATION VARIATIONS above) offers
little visible response when exposed to standard fluorescent
light ing, but elicits a pale green cloud when exposed to a
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TABLE 3 SOLVENT AND CONCENTRATION VARIATIONS

e o
: FUEL FORMULATION

SMOKE RESPONSE

1% fluoranthene in xylene

very salight fluor, = = |

___e% flupranthene in xylene

slight fluar

2% fluoranthene in acetone _ ________ | slight to medium fluor.,

4% fluoranthene in acetone

slight to medium fluor, = |

2% {luoranthene in dibromomethane |

Saturated solution of fluoran-
_thene 1in mineral spiprits

*#2 to 4% fluoranthene in mineral

4% fluoranthene/2% anthracene
_.in_dibromomethane

| _alight to medium fluor, |

_intenge white fiuor,

intense white fluor.

e e e e ————— e e

glight to medium fluor,

2% fluoranthene/1% anthracene in
50% dibromomethane /50%
mineral spirits

———

_8light to medium fluor,

| 0.02% tetracene in xvlene

slight fluor.

0.04% tetracene in _xylene

slight fluor,

0.02% tetracene in methylene

14 anthracene 0.02% tetracene in
mineral spirits

omethane | slight fluor,

alight fluor, _.

2% anthracene 0.02% tetracene in
—  _mineral spiprits =

medium to intense green fluor,

medium to Intense green fluor,

1% anthracene 0.02% tetracene in
Xylene

medium to intense green fluor,

##1¢ anthracene 0.04% tetracene in
Xylene _ __  __

most intense green fluor,

e Xylepe .. __. .

2% anthracene 0.02% tetracene in

————— ——

‘medium to intense green fluor,

Al
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TABLE 3. SOLVENT AND CONCENTRATIUN VARIATIONS (continued)

PUEL PORMULATION

SMOKE RESPONSE

| 2% anthracene 0.04% tetracene

medium to intense green fluor.

i in xylene
1% anthracene 0.02% tetracene

J% in dibromomethane

intense green fluor.

: 2% anthracene 0.02% tetracene
a in dibromomethans

intense green fluor.

i
I 1% anthracene 0.02% tetracene
in methylene chloride

medium green fluor.

2€ anthracene 0.02% tetracene

in methylene chloride

smoke fuel candidates.

¥* These formulations were chosen as the most promising

medium green fluor,

LTl T
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NAVTRADEVCEN 67 -C-0095-1

amixture of UV bulb and visible light (GE BL 40 W bulb). It

accomplishes an intense green fluoreacence when exposed to
the GE BLB 40 W bulb,

SUMMARY

After testing a number of chemicals with concurrent
varlations in concentration and solvents, two smoke fuel
formulations were selected. These formulations have been
tested in the smoke generating apparatus and were exposed
to standard lighting, unfiltered UV, and filtered black
light. In determining the effects of various parameters
on the fluoresacent response, information was gathered rela-
tive to the senzitivity of fluorescent response,
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| NAVTRADEVCEN 67 -C-0095-1
. SECTION IV

: DATA EVALUATION

SMOKE FUEL FORMULATIONS

The formulation involving fluoranthene is egsily pre-. i
pared, consleting of U4 grams of fluoranthene (Pisher 5512P)
dissolved in 100 ml of mineral spirits. Pluoranthene
: dissclves readily, with a moderate amount of stirring, form- . 4
i ing a pele yellow solution with & blue-white solution fluor-
5 escence,

The formulaticn utilizing anthracene and tetracene re-

quires more preparation due to the insolubility of tetracene,

1 gram of anthracene (Pisher 480.X) and 0,04 grams of tetra-
cene (naphthacane)(Pisher 4785) are placed in 100 ml cf xyiene,
Extenslive stirring 18 required to complete solution of thease :
materials., The solution is best ccmpleted by placing the i
mixture on a magnetic stirrer for about 24 hours of cumulative
stirring. The solution 18 a darker yellow than the fluoran-
thene fuel and fluoresces yellowish green in sclution,

SMOKE CLOUD CHARACTERISTICS

s Uy

The cloud formed with the anthracene-tetracene fuel ex-
hibits {ntense green fluorescence, Tested with the BLB (black
light dbulb), the bulb emitting the more intense ultra-violet
rays, the response 1s intense up to a distance of 10 feet
between the generator orifice and the light source; at 20
feet, the response is only fair. under simulated moonlight
conditions, uaing the GE BL 40 W bulb, the response is in the
fair to good range, Under normal fluorescent light or in
daylight conditions, the g&moke rluel capable of only a poor
response.

The fluoranthene based fuel accomplishes a good to in-
tense white cloud, when illuminated by the BL 40 and the BLSB
40 buldbs, tested at distances up Lo twenty feet and under
daylight conditicne, With the UV exposure, the cloud is an
intense white, The white smoke is equally visible but not
lusinescent in daylight.

Both smoke fuels accowplish smoke clouds which disasipate

rapidly and leave no fluvorescer . residue., It was noted during

i tezting that an increase 1in aspiration pressure can supply

: more fuel than can be aercsolized, In these instances, drop-

[ lets of the fuel built up near the orifice of the generator,

; Of the two fuels, the resu .in* fluoresgcent residue was more

: apparent with the anthracenc-t.crecene. This residue formation
can be avolded by properly adjusting the aspirating air pressure.

-
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NAVTRADEVCEN 67-C-0095-1
SMOKE PUEL PROPERTIES

The anthracene-tetracene based formulation 1s dissolved
in xylene. Xylene has a boiling point of about 1l40°C. and
is toxic in high vapor concentrations. However, it 18 un-
likely that sufficliently high corncentrations would be reached
in a room of average size without noticeable increase in odor.
This fuel preparation 18 dark golden color which lightens
with time, Because the fuel is nearly saturated with regard
to tetracene, there 1s some slight pracipitation evident in
the fuel. However, short periods of exposure to lowered
temperatures will not precipitate any appreciable amount of
the chemicals.

The formulation based on fluoranthene forms a gold c¢olored
solution when the active ingredient 13 dissolved in mineral
spirits. The boliling point of this solution lies around
160°C., and any danger of toxicity from the cloud reguires a
noticeably high concentration of vapors.

STORAQE. CHARACTERISTICS

It is recommended that these formulations be packaged in
glass containers with tight fitting screw cap lids; the sol-
vents in these formulations probably would attack plastic
bottles. Exposure of these formulations to room conditiona
of humidity and temperature, with intermittent testing over
a period of about three months, indicates no deterjioration
in the efficiency of the response.

APPARATUS MODIFICATION

Variations in the current fed to the heating coils, to
determine the effect in alteration of the temperature, in-
dicated that lowering the temperature of the colls did not
increase the response, Evidently the high tempersture of the
co0ils does not destroy the fluorescent jingredient. It was
suggested in earlier testing that the high tempe.ature of
the colle was responsible for complete combustion of fluor-
escent organic chemicals and thus no fluorescent particles
or 1iquid droplets were formed or found in the resulting
smoke cloud,

The aspirating pressure was increased simultaneocusly
with the variations in current, in hopes that more fuel would
be fed through the coils, increasing the concentration of
fluorescent matter in the cloud. Testing indicated that the
increased pressure d'd not increase the response.

Because these variations were not needed and because it
was preferable to use the apparatus without variation, further
testing was curtailed. The response of the fuels in generat-
ing smoke was sufficiently good to riake variations in procedure
unnecessary.

19
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SECTION V
CONCLUSION
SMOXKE PUEL

The smoke fuel based on fluoranthene 1a the most versa-
tile of all formulations tested. The smoke which results
from its utilization in the smoke generator 1s efficient in
daylight, under fluorescent 1light, under the BL LO W UV
(8imulated moonlight) and under BLB 40 W UV. Exposure by
the RIB results in a dense clioud with white fluorescence,
The remaining conditions consist of a combination of fluor-
eacence and visible white smoke (response to visible light).
The same directions and conditions prevall in the X3Hl4
*mokeé generator with either the standard smoke fuel based on
Kerogenc or this smoke fuel being used.

the smoke fuel is stable in 1ts 1liquid form. In regard
o toxiclry, the odor of the cloud would be 1irritating before
the vsposrs reached the toxic level. Normally, the fumes would
nat reech this level in a room of average size, Also, the
cleund dlssipates rapidly and does not leave any fluorescent
ressue un the :urrounding areas.

I terms <7 8tAability of the 1liquid fuel, toxicity of
ths sloud vapors. and prompt disairation without apparent
reaicae, the smolv fuel formulation based on anthracene and
tetracene 13 couparable to the formulation previously described.
However, the response 18 not ¢uite as intense under the HL
40 W ulrra-slolet iight {simulated moonlight) and the response
in dayiight & Lcor.

Both saoke fuels wz2et the reguirements described in this
repoirt. Compared with the anthracene and tetracene, the
fluoranthe::® based formulation has the advantage of being
efficlent viuder ntanduard room lighting. Samples of both these
formulations will de delliversd to the technical representative
of the daval Training Device Center for further evaluation,

APPARATUS MODIFICATIOM

In the initisl testing it was felt that there might be
some advantage ‘n relacing the temperature of the coils in
the smoke gene—atcr. Tt was thought that this might reduce
ihve tendency of the high heat to completely destroy the chem-
‘emles in the formulation, during the process of generating
the cisuad,. Reducing tha heat of the coils, 1t was felt,
EeALG gucourag”s a partial combustion. This would cause more
e (.4 pomzibly ullow some of the fluorescent particies,
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NAVTRADEVCEN 67-C-0095-1

in a finely divided state, to pass through the generator

and appear in the cloud. However, teating indicated that

the response of the suggested fuel formulations is relatively
unaffected by changes in the temperature of the heating
colls. Also, changes in the pressure driving the fuel to

the coils has little effect on the response, Therefore,

it ia suggested that no significant changes in the smoke
generator bve made for the utilization of the suggested

smoke fuels.

21
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NAVTRADEVCEN 67-C~0095-1
VI RECOMMENDATIONS
SYINEM CAPABILITY EXTENSION

To enhance the response of the smoke cloud, it is
suggested that a small ultra-violet light be included in
the smoke generator apparatus. Thias would provide a high
concentration of ultra-violet rays at the base of the smoke
cloud. The light could be controlled by the solenold which
would allow it to burn for a specific period of time to
approximate the time it takes for the cloud to dissipate.

It is also suggested that devices for control of the
shape and action of the cloud be investigated. It is possible
that the column of smoke could be shaped into a low ground
hugging cloud, a tall pillar shaped clcud or a mushroom
shaped cloud with intense swirling action. Such control

would result if the shape of the smoke generator orifice
wat varied.
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